The use of different hydrocolloids in the partial substitution of margarine by vegetable oils, are evaluated to achieve products with characteristics similar to the traditional product. The objective of this study was to evaluate the effect of the addition of different concentrations of gelatin (0%, 0.75%, 1.25%, and 2.0%) in pound cake formulation reduced in margarine and partially replaced with canola oil. It was determined specific gravity (SG), apparent viscosity, modules of viscoelasticity (G and G ) and number and size of air bubbles in the batter. In the pound cake was determined texture (TPA and sensory evaluation), crumb structure and moisture. By increasing the concentration of gelatin, it was observed a proportional increase of SG, apparent viscosity and elastic and viscous modules, predominating the viscous module with respect to elastic module, and a decrease in the number and size of air bubbles in the batter. In the pound cake, there was a proportional decrease in the volume and uniformity of the crumb, with respect to the size and number of cavities formed, however, sensorially, the most accepted formulation was the addition of 1.25% of gelatin because it perceives a more consistent and moist crumb, therefore, adding gelatin can be an alternative to improve the acceptability of a pound cake reduced in margarine, which it is also less expensive.
Introduction
Traditional pound cake contains high portions of fat, sugar, egg, and flour; each ingredient exhibits an important role in defining the structural, rheological and textural properties of the final cake (Wilderjans et al., 2013; Hesso et al., 2015) . In cake making, shortening performs basic functions such as entrapment of air, a coating of starch and protein molecules, and emulsification of large amount of liquid that contributes to greater crumb moisture and, concomitantly, to the softness of the cake product (Román et al., 2015) . Several fat substitutes in baking have been evaluated, such as vegetable oils, modified starches, hydrocolloids as gums in combination with emulsifiers, oleogels and others (Ronda et al., 2011; Patel et al., 2014; Hussien et al., 2016; Doan et al., 2018) .
On 17 June 2015, the US Food and Drug Administration (FDA) determined that partially hydrogenated oils were no longer "GRAS" (generally recognized as safe) and needed to be removed from food products by June 2018. Moreover, it has also been suggested that the nutritional profile of our diet can be improved if saturated fat is replaced with unsaturated fat (Mensink et al., 2016) . In response to these new regulations and changing consumer preferences, finding a healthier alternative to technically reduce the saturated and/or trans-fat content has drawn the attention of food scientists and food producers in recent years. If the saturated lipid fraction is simply replaced with an unsaturated fat, for example a vegetable oil, which also provides essential fatty acids, the final structure of the products cannot match the quality characteristics expected by consumers (functional and sensorial properties) (Mensink et al., 2016; Doan et al., 2018) .
Hydrocolloids are a heterogeneous group of long chain polymers (polysaccharides and proteins) characterised by their property of forming viscous dispersions and/or gels when dispersed in water. Presence of a large number of hydroxyl (-OH) groups markedly increases their affinity for binding water molecules rendering them hydrophilic compounds (Dipjyoti et al., 2010) . The addition of gums (hydrocolloids) and emulsifiers in baking, together with vegetable oil, considerably improve the properties of the final product. Carboxymethyl Cellulose (CMC) and Hidroxipropilmetil Cellulose (HPMC) are used to compensate for certain attributes of solid fat such as moisture retention, volume, final texture, and are commonly used synergistically with other gums and emulsifiers for enhance these attributes (Kumari et al., 2011 , Sowmya et al., 2009 .
The mainly functional properties of hydrocolloids in foods are as thickening agents, and gelling agents (Li et al., 2016) . Hydrocolloids modify the rheology of the system, which includes two basic properties: flow behavior (viscosity) and mechanical properties as a solid (texture), which invariably changes the sensory properties of the final product. Gelatin can be considered one of the most versatile hydrocolloids in the food industry because its taste-free and odourless, it has no allergenic potential and it can be used as a gelling, thickening, water-binding, emulsifying, foaming and film-forming agent, being able to create a fat-like matrix in emulsions where exhibit shearthinning properties and creaminess similar to fat but free of calories (Damodaran et al., 2007) . Besides its use is easier and it cost is lower respect to other hydrocolloids. Therefore, the purpose of this study was to evaluate the effect of different concentrations of gelatin as hydrocolloid, with attributes similar to the gums in a formulation for pound cake reduced in margarine with canola oil (rich in omega 6), determining rheological properties and microstructure in the batter, relating it with the properties of texture of the pound cake.
Materials and methods

Ingredients
Wheat flour (San Antonio, Tres Estrellas®, México) with protein content, reported by supplier of 10.88%; gelatin 260°B (Gelita®, Gelita México S. de R.L. de C.V., México), baking powder (Royal®, Kraft Foods de México, S. de R.L. de C.V., México), margarine (Iberia®, Unilever de México, S. de R. L. de C.V., México), oil canola (Canoil®, AGYDSA Aceites, Grasas y Derivados, S.A. de C.V., México), purified water (Bonafont®, Bonafont S. A. de C.V., México). The rest of the ingredients (whole eggs and sugar) were obtained from local suppliers.
Pound cake preparation
The formulation was based on the method of Kumari et al. (2011) with some modifications. Pound cake batter reduced 70% in margarine and partially replaced with canola oil (50% of total fat), was prepared as follows: 45 g of margarine, 75 g of canola oil, and 150 g of sugar were mixed for 2 min at low speed (306 rpm) using a Hamilton Beach mixer (63232, Hamilton Beach Brands, USA), 2 min at medium speed (380 rpm) and a minute at high speed (450 rpm), then, 136 g of fresh whole egg was added and mixed 2 min at low speed and 2 min at medium speed, after thorough sifting, 250 g of wheat flour and 1.5 g of baking powder were added and mixed 1 min at low speed; finally, 1.88 g (0.75%), 3.13 g (1.25%) and 5 g (2.0%) of gelatin dissolved previously in 56 mL water was added and mixing 2 min at low speed. A formulation without gelatin was used as a control. Pound cake batter (600 g) was poured in cake pans (21.0 × 11.0 × 6.0 cm) and baked at 180 ºC for 35 min in a preheated oven Rational Self-CookingCenter® whitefficiency® baking Oven (Rational, Germany).
Cake batter characteristics 2.3.1 Specific gravity
The specific gravity (SG) is determined immediately after preparing the batter. Specific gravity was calculated by dividing the weight of a standard measure of the batter by the weight of an equal volume of water at 20°C (Method 72-10-AACC, 2007).
Apparent viscosity
The apparent viscosity (ηa) of cake batter was determined using a rheometer (HAAKE MARS III, Thermo Fisher Scientific Inc., Waltham, Massachusetts, USA) with a parallel plate-plate of 60 mm and a constant gap height of 1.0 mm at 20°C. For each test, the sample was sheared at a programmed rate, which linearly increased from 0 to 100 s −1 in 5 min; apparent viscosity (ηa) and shear rate (γ ) plots were obtained. Analysis was monitored with RheoWin 4 Job Manager software and the rheological parameters were calculated using the Rheowin 4 Data Manager software (Thermo Fisher Scientific Inc., Waltham, Massachusetts, USA) by performing a regression analysis to adjust the graphs to a powerlaw model (Eq 1)
where σ is the shear stress (Pa) and γ is the shear rate (s −1 ), K is consistency index (Pa·s) and n is the flow behavior index for Power law model (Barnes, 2000) .
Viscoelasticity
Dynamic frequency sweeps (0.1−10 Hz) were performed under a constant strain (γ = 1%), in order to determine the linear viscoelastic region (LVR) of the cake batter samples. From the LVR a constant frequency of 1 Hz was chosen to perform a strain amplitude sweep (γ = 0.01 − 100%), to determine the storage modulus (G ), loss modulus (G ) and loss tangent (tan δ), (Eq 2)
The coefficients G , G and tan δ, represent the elastic and viscous moduli and the loss tangent at a frequency of 1 Hz, with the oscillation frequency.
Number and size of bubble
Cake batter microstructure was evaluated using a DM750 microscope (Leica Microsystems, Wetzlar, Germany) equipped with an EC3 video camera, and images were captured using LAS-EZ software (Leica Microsystems, Wetzlar, Germany) based on the methodology proposed by Allais et al. (2006) . The sample was covered by another microscope slide and the two slides were pressed to obtain a layer of batter of a constant thickness, approximately 20 µm of thickness, due to the image analyzer does not consider the depth of field, it is particularly important to standardize the height of the sample. The batter samples were examined at 40 times magnification. The images obtained by microscopy were saved in bpi format and were processed optimizing contrast with Adobe Photoshop, then were analyzed using ImageJ 1.46r (Wayne Rasband, National Institutes of Health, USA). Distribution of the cell size and area were reported.
Physical characteristics of pound cake 2.4.1 Volume
The volume was determined by the seed displacement (method 10-05 AACC, 2010), the volume accuracy was between 9 and 14 cm 3 .
Texture Profile Analysis
The texture of the pound cake was measured using a texture analyzer (Stable Micro System TA−XT plus Texturolab, Godalming Surrey UK), according to the AACC (2000) (74−09.01) method. The samples (25 mm thick) were sliced using a wooden box with grooves at 2.5 cm. The double compression test was performed with a 50 mm diameter aluminum plate (P/50) and a 5 s interval between the 2 compression cycles, under the following working conditions: speed of 1.0 mm/s for the pre-test; speed of 1.7 mm/s for the test; speed of 10.0 mm/s for the post-test; 40% compression and load cell 5 kg. The firmness was expressed as (N).
Cake crumb structure
Pound cakes were cut in slices (25 mm thickness) and were scanned (HP Scan-HPLJM1530 MFP Series Scan Idaho, USA) at 300 dpi of resolution. Images were taken from the 100% of the pound crumb eliminating the crust, were saved in JPEG format and were converted to grey scale (8 bit). Otsu algorithm tool was used for the segmentation using Image J software (Image Processing Analysis in Java. Wayne Rasband, National Institute of Mental Health, Bethesda, Maryland, USA) (Baixauli et al., 2008; Rodríguez-García et al., 2014) . Distribution of the cell size and area were reported.
Sensorial analysis
A ranking discrimination test was carried out with 58 untrained judges, 23 men and 35 women between 15 and 65 years of age, to compare the attribute of firmness among the four formulations studied (Stone et al., 2012) . In addition, the global percentage of liking for each formulation was determined. The results were interpreted using an analysis of variance using the Statgraphics X64 program.
Statistical analysis
Data were analyzed using a one-way analysis of variance (ANOVA) and a Tukey's test for a statistical significance P ≤ 0.05, using the Statgraphics X64. All experiments were done in triplicate.
Results and discussion
Specific gravity
Specific gravity (SG) is related to the number of air bubbles incorporated into a cake batter. Higher SG values indicate less incorporation of air bubbles, this is usually correlated to the texture and final volume of the pound cake. The values of specific gravity are shown in Table 1 , where the control cake batter has an SG of 0.92 g/cm 3 , whereas batters containing gelatin was of 0.95, 0.96 and 1.00 g/cm 3 at 0.75, 1.25 and 2% of gelatin, respectively. The addition of hydrocolloids increases the density of the batter, which can obstruct air incorporation during mixing (Gómez et al., 2007) . Possibly the proportional increase of specific gravity when increasing the concentration of gelatin, is due that the gelatin, like other proteins, is highly hydrophilic and binds water during the mechanical agitation, making the water less available in the emulsion, the batter then it becomes dense, decreasing in this way, the ability to form air bubbles (Matos et al., 2014; Ronda et al., 2011) . The behavior of the SG in cake batter reported by others authors is variable, depending mainly on the type of gum, the formulation and its interaction with other components (Turabi et al., 2008) .
Low specific gravity is desired in cake batter since it indicates that more air is incorporated into the batter. Control batter has the lower SG. The capacity of air retention of this sample is due to the stability that gives the protein of the egg white and yolk for its functional properties like emulsifying activity or foam stability. Egg albumen increased the emulsifying activity (Marco & Rosell, 2008; Park et al., 2012) . Moreover, the mixture of margarine and canola oil in the proportion used in this formulation: 30% shortening-50% canola oil, (reduced 20% of total fat in the traditional formula), shows an effect similar to the addition of an emulsifier; in this case, reducing the density, that is to say, facilitated air entrapment during batter mixing (Kumari et al., 2011) . 
Apparent viscosity
All the formulations of the cake batters with or without gelatin showed shear thinning (pseudoplastic) behavior, which means that apparent viscosity decreases as the shear rate increases (Figure 1 ). Shear thinning behavior can be explained by the alignment of microstructure with the flow direction as shear rate increases, thus apparent viscosity decreases (Song, Kim, & Chang, 2006) . The shear stress (σ) versus shear rate (γ) data obtained from rheometer for cake batters at 20°C were fitted well to Power Law model (Eq. (1)) with a coefficient of determination values (r 2 > 0.965−0.998) (Table 1) , indicating the suitability of the Power law model to describe the flow properties of the cake batters. Table 1 shows the flow behavior index (n) of batters ranged from 0.405 to 0.511, were less than 1, indicating the pseudoplastic (shear thinning) nature of the batters. No significant differences (p < 0.05) were observed in the flow behavior index at different concentrations of gelatin. The values for consistency coefficient (K) (Table 1) increasing significantly (P < 0.05) when the gelatin concentration on cake batters was increased, this reduced the ability of batter to flow. The higher viscosity observed at the concentration of 2% gelatin respect to the control is due to the high capacity of hydrocolloid to retain water, like other proteins, hindering the mobility of other components. Dogan et al. (2005) and Ronda et al. (2011) , found that the addition of some proteins increases the water binding capacity and can reduce the amount of free water available to facilitate the movement of particles in batters and consequently gives higher apparent viscosity values respect to the control. Other authors have found an increase in apparent viscosity in batters added with other type of proteins as gluten (Wilderjans et al., 2008) and when soy protein is added (Dogan, et al., 2005) . In the substitution of fat by other no proteic hydrocolloids such as inulin (Rodriguez-Garcia et al., 2012) and β-glucan and amylodextrin (Lee et al., 2005) , an opposite effect was observed. www.rmiq.org 
Viscoelasticity
Viscoelastic behavior of the pound cake batters at constant frecuency (1 Hz) also was evaluated ( Fig.  2a and 2b) . These results show that increasing the concentration of gelatin, increase the values of both G as G in the strain amplitude sweep evaluated (γ = 0.01 − 100%). Initially, the elastic modulus predominates with respect to the viscous in all the formulations, however, at values greater than 0.1% of strain, a crossing of the lines is observed, changing the behavior to viscous. The point of intersection of the elastic module to viscous module occurs at approximately 0.12% of strain when not added gelatin, while the sample added from 2% of gelatin crosses at approximately 0.5% of strain. This tendency indicate that the proteic hydrocolloid addition promotes a behavior more solid like than liquid like of these cake batters; that is, it improves certain stability of the emulsion (Hernández-Rodríguez et al., 2017). However, according to the value obtained from the tan δ > 1, the behavior in all the samples is predominantly viscous (Steffe, 1996) , that is to say, corresponds a weak gel, by increasing the deformation effort; this may be determined by a combination of weak inter-molecular forces like hydrogen bonds, electrostatic forces, Van der Waals forces, and hydrophobic interactions of gelatin gel (Banerjee & Bhattacharya, 2012) , and by the emulsion of air in liquid, in a formulation reduced in solid fat (Kalinga & Mishra, 2009 ).
Number and size of bubble
A progressive decrease in the number and size of air bubbles were found as the gelatin concentration increased as shows in the micrographs in Figure 3 . The number of bubbles is reduced almost 50% by adding of gelatin as shown in Table 2 . The control has the largest number of bubbles (151) and more heterogeneous size (0.5−2230 µm 2 ) (Figure 4a ), while the added 2% gelatin, shows the lowest number of bubbles (81) and of smaller size, in a range of area of 0.5 a 220 µm 2 ) (Figure 4d ). The number, size and distribution of the air bubbles in the cake batter, will determine the texture of the cake (Sahi & Alava, 2003) , if the batter is sufficiently stable to the baking temperature. These values are in accordance to the specific gravity obtained in the different batters, where the lowest value corresponds to the sample which is not added from gelatin, this is, incorporates the largest amount of air bubbles.The histograms of the different concentrations (Figure 4 ) graphically show the distribution of areas of air bubbles from the cake batter and the range of size (area), this lower amount of bubbles incorporated is related to the viscosity of the batter. The increase in viscosity of the samples added of gelatin, limits the formation of bubbles. Some studies reported that higher viscosity would obstruct air incorporation (Gómez et al., 2007) . The affinity of the gelatin by the water and the formation of the gel that forms a three-dimensional network to retain water in the interstices (Dipjyoti et al., 2010) , contribute significantly to the increase of viscosity in the batter. Gelatin has the ability to decrease surface tension and stabilize emulsions, in addition to some foaming capacity, so you would expect an increase in the number of bubbles in the batter, however the higher viscosity observed interferes in this process. The size and number of bubbles in a batter for pound cake, is determined also by the process of stirring and the type and amount of ingredients (Chesterton et al., 2013 , Nessrin et al., 2015 .
Volume of pound cake
The volume of different formulations are shown in Table 3 , where the volume of the pound cakes added with gelatin (0.75%, 1.25%, and 2%) was significantly (P < 0.05) lower than the pound cake not added of gelatin (0%). To increase the concentration of gelatin, the volume was decreasing, as shown in Figure 5 . Values followed by different letter in the same column are significantly different (P < 0.05).
In this case there is a relationship between the increase in specific gravity and volume reduction, since it has incorporated a lower amount of air when the gelatin is added.
Usually the viscosity of the batter is a determining factor in the retention of air during the baking. Batters with very low viscosities cannot hold air bubbles in batter matrix and cakes collapse in the oven, whereas a highly viscous batter can restrict its expansion during baking (Ronda et al., 2011) . The viscosity provided by the gelatin does not favor the incorporation of air in the cake batter, and during baking, the gelatin gel melts, and a fraction of littleretained air is released before the structure of the cake is formed, producing a lower volume pound cake. In formulations reduced in margarine, and added with hydroxypropylmethyl cellulose (HPMC), the addition of the gum, supports the cake batter to achieve good air retention during baking, these gums form a complex with starch that confer thermal stability during baking, which is not the case of the gelatin, that by its structure, forms only weak bonds (links by hydrogen bonds) between themselves making her less stable to the temperature (Dipjyoti et al., 2010) . Some studies reported that the combination of different hydrocolloids, acts a synergistic effect, improving their properties (Psimouli, et al., 2013; Gómez et al., 2007; Dipjyoti et al., 2010) , but others authors have been reported both increase and decrease of volume using certain gums in yellow layer cake, attributing these differences principally to the concentration of used gum (Gómez et al., 2007) .
Moisture content of the pound cake
The moisture content of the pound cake is shown in Table 3 , where there was not significant difference (P < 0.05) between the added samples of gelatin and the not added. It is well known the ability of hydrocolloids of increasing moisture retention that, at the same time, depends on their chemical structure and their interactions with the rest of food ingredients. The gums interact with the starch to increase water retention, which does not occur with gelatin. The formation of the gelatin gel is given by initial heating followed by cooling (ionotropic gel) (Glicksman, 1982) , therefore the high capacity of linking water of this hydrocolloid is limited since the gel is really formed during the cooling, where another type of interactions has already been carried out between other ingredients. In a study reported by Gómez et al. (2007) , determined that the cakes containing hydrocolloids always showed lower moisture losses during baking than the control cakes, and shows similar dehydration rate during storage of 3 days. 
Texture of the pound cake
The textural characteristics of the pound cakes were determinated by texture profile analysis in terms of firmness, cohesiveness adhesiveness and chewiness, and are shown in Table 3 . Firmness increased as the level of gelatin increased. Maximum firmness (26.4 N) was noted for pound cake added with 2% gelatin. Increase in firmness was due to less entrapment and loss of the bubble air during baking, that produced a crumb more compact and heavy and it is related also to the volume decrease. Cohesiveness generally indicate the development of internal bonding in a threedimensional protein network in cakes. There were no significant differences (P > 0.05) in cohesiveness of any of the pound cakes (Table 3) . This may be due to the predominant protein from the egg and gluten on the concentration of gelatin added (to low).
Chewiness, is a parameter dependant on firmness, observing a similar tendency. There is a significant difference between the samples added of gelatin and the control. Adhesiveness was significantly different (P < 0.05) at concentration of 2% this is due to increased competition for water, these tend to join together, giving effect of stickiness, which in pound cake is not desirable, usually this effect is based on the concentration of the hydrocolloid (Dipjyoti et al., 2010; Marco, 2009 ).
Cake crumb structure
Structure of the baked cakes added with gelatin is shown in Figure 6 . As you can see the structure of the crumb was modified by increasing the concentration of gelatin. A higher concentration of gelatin produce a larger pore size. The histograms of the crumb structure shows an increase in the number of pores larger than 0.5 mm 2 as the gelatin concentration increases (Figure 7) . Exist a marked difference between the smallest and the largest pore size as the gelatin concentration increases as seen in the crumb pore area (Table 4) .
A larger crumb area of the pores observed at concentration of gelatin at 2%, it is related to the weak gelatin gel bonds, which are susceptible to rupture by increasing the temperature, prior to starch gelatinization and protein coagulation of the cake batter, producing coalescence of small air bubbles of air incorporated, forming large holes in the crumb.
A more uniform crumb is observed when the gelatin is not added. The behavior observed when adding gelatin, does not correspond to the behavior of the gums used in bakery. Gums as hydroxypropylmethylcellulose (HPMC) and carboxymethylcellulose (CMC), form a complex with starch that gives them greater stability to the baking temperature, therefore, are those that best results reported in the final aspect of cake (Dipjyoti et al., 2010) .
Sensorial evaluation
The evaluation was carried out with 58 judges untrained between 15 and 65 years of age, 39.7% men and 60.3% women. The discriminating test of the ranking type to identify the degree of softness of each formulation, is consistent with the result obtained from the texture profile analysis, as shown in Table 5 , where the control sample is significantly smoother compared with gelatin added ones. The samples of intermediate concentration "0.75% and 1.25%" showed no significant difference in softness, while the less smooth was 2% of gelatin. It was also carried out a test of preference resulting in the most pleasant formulation being 1.25% of gelatin (34.5%), due to a more humid and less crumbling crumb, followed by the control (24%) which is the softest, concluding that not necessarily a pound cake softer is better or more acceptable. Gelatin is a highly hidrophilic proteic hidrocolloid, which traps water in its three-dimensional structure formed by weak links primarily hydrogen-type bridges, which while the gel does not heat up works as a stabilizer emulsions by having some affinity for both the hydrophilic and hydrophobic ingredients. However, the thermoreversibility of gelatin to melt at temperature of 35°C in the first minutes of baking, produces the release of air before the formation of the solid structure end of pound cake (gelatinisation of starch and protein coagulation), affecting the final structure of the crumb and the volume, although retaining some moisture that is only perceptible to the sense of taste.
The physical characteristics of crumb uniformity and volume of the pound cake at a concentration of 1.25% have an intermediate value between the control and the added of 2% of gelatin, and although statistically they are different, the preference for the type of crumb is important. 
Conclusions
To increase the concentration of gelatin in a formulation for pound cake reduced in margarine and partially replaced by canola oil, there is a proportional increase in specific gravity, apparent viscosity and viscoelastic modules, decreasing the size and number of bubbles formed in the batter. In pound cake, there is a proportional decrease in volume and uniformity of the crumb and increase in the firmness, however, the addition of 1.25% of gelatin was the most accepted sensory formulation due to perceived a crumb more consistent and wet, so, the functionality of the gelatin as hydrocolloid, is limited to the final texture of the pound cake, concluding that it may be an alternative to improve the acceptability of a pound cake reduced in margarine, which is also of lower cost.
